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PREFACE 


In design of automatic control or feedback systems it is very 
often necessary to calculate W = co or V = aT where Z and 
U are complex numbers. 


It has been common practice to use a graphic method in the 
9 = dB plane, which requires a special graph paper known under 


the name Nichols chart, 


Following the general trend towards substituting analog calculation 
devices or methods by more accurate digital ones the need for a 


suitable table has arised. 


All calculations have been carried out on the Norwegian Defence 
Research Establishment digital computer, which was programmed 
in such a way that the table was edited ready for printing by the 


computer itself, 
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Directions for Use of the Table 


The tabulated function is 
W = W(Z) = 7 (4) 

The complex number Z should be given in units of 20 times the 
logarithm of the magnitude of Z and the angle of Z, 

The logarithmic scale used for the representation of the magnitude 
of Z makes it possible to cover a wide range of Z and is also the 
representation mostly used for calculation of open and closed loops of 
feedback systems, The special unit chosen for the logarithmic scale, 
20 times the logarithm to the base 10, is the dB unit, which has been 
taken over from the field of telecommunication, 

The variable W is given in the same units as Z, 

The table covers an area of the Z-plane limited by 


-22.0 £20 log |Z| $26.0 in steps of 0,2 (2) 


-178° Sarg Z $ 0° in steps of 2° 


The value of the magnitude of W in units of 20 log |W| and the value 
of the angle of W in degrees are found in the same table placed the one 
below the other, the upper number being the value of the magnitude, 

The magnitude has been chosen for the vertical entrance and the 
angle for the horizontal entrance, One page covers 3 units of 
20 log |Z| and 20° of the angle. The first nine pages cover the magnitude 
range 26 to 23 and all angles from 0° to 178°; the next 9 pages cover 
the magnitude range 23 to 21 and all angles from 0° to 178° and so on, 
To find the continuation upwards of a certain part of the table, go back 
9 pages, and to find the continuation downwards, go forward 9 pages in 
the table. 
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II 


When the angle of Z is -180°, the angle of W is 0°, if 
20 log|Z|>0 and -4180° if 20 log|Z|<0, and the magnitude of Z in 
units of 20 log|W| can be found by extrapolation from phase angles 
of -178° and -176°, except for a small range of about +2 units 
around 20 log|Z| = 0, where the function (1) has a pole. 

A conjugate value of Z also leads to a conjugate value of W. 


Examples: 


20 log|Z| = -2.4, arg Z = -154°, The results are 
20 log |W| = 4.3 and arg W = -108. 
20 log |Z| = 18.8, arg Z = a", The results are 


20 log|W| = -0.9 and arg W = , 


The table canalso be used for taking out values of the function 


V = WU) = 755 (4) 
Defining U=1/Z (5) 
we find that V(U) = VS) = 755 = WIZ) (6) 


When 20 log |U| and the angle of U are known the table is to be 
entered with the values -20 log|U| and -|arg U|. The magnitude 
value found in the table is 20 log Iv|, but the sign of the angle of V 
should be chosen as the opposite sign of the sign of U, ignoring the 
sign actually found in the table. 


Examples: 


20 log|U| = 13.6, arg U=-128°. The table is entered with the 
values -13.6 and -128°, The values found in the table are -12.6 and 
-117°, The final results are 20 log|V| = -12.6 and arg V = 417°, 

20 log|U| = -17,2, arg U = 76. The table is to be entered with 
the values 17,2 and -76°, The values found in the table are -0,.4 and 


-4, The final results are 20 log|V| = -0,4 and arg V = -4°, 
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Approximations for large and small values of Z 


When Z falls outside the range of the table (2), very simple 


approximations to W can be used. 


20 log|Z| >26 


The angle of W will always be found between 0° and -3° and 
20 log |W| will be found between + 0.5. A first-order approximation 
is 


20 log|W| -8.7 (7) 
arg W 57 (8) 


20 log|Z| <-22 


The angle of W will always be found between arg Z and (arg Z)+5° 
and 20 log|W| will be found between 20 log |Z| z 0.7. A fifst-order 


approximation is 
20 log|W| = 20 log|Z| -8.7|Z| cos(arg Z) (9) 
arg|W| = (arg Z)-57|Z| sin(arg Z) (10) 


As an illustration, a picture of the function (1) is shown on the 
following page in the same co-ordinate system as that used in the 


table, It is called a Nichols chart or ag-dB plane, 
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“Tge2 | “1803 —-18.2 —-18.2 -18e2 -18.2 -18e2 “18.2 
“158 ~r62 “164 “167 =171 “276. 

“T9e4 | “t8e5 “1805 “1804 “18.4 ~-18.4 
“158 =-160 =-162 “164 =-169 =176 -178 

“1906 | -18.7 -18.7 “18.7 -18.7 -18.7 —-18.7 —-18.6 -18.6 -18.6 
“158 =160 -163 “364 “167 “169 =173 =176 

“1908 | —18e9 “18.9 “18.9 —18.9 “18 eg “18.9 “18.9 “18009 

“ts8 =160 -162 =-164 “169 “172 

| “Iy0e3 “1903 “1903 “1903 “1903 
“153 <=-163 “165 <-167 <-169 “£73 

“2004 | “2906 “1905 “1905 “1905 
=162 “1G5 -167 =173 -178 

“t58 =-160 =163 “165 <-167 <=-159 =171 “376 

“20083 | -2000 -3000 —2000 “2029 
-160 =162 =165 =169 =171 “173 

| M3003 “2002 “3002 “2002 “2002 —3002 —2002 —2002 

“t58 <=-160 =162 “165 =-167 =176 

“2le2 “2005 “2005 “2904 “29004 “2004 “2004 “2904 “2904 “2004 

=160 =162 “155 <-167 =169 “E78 “873 

| “2007 “2007 “2007 —2007 —2006 -2006 —2006 —2066 -20.6 
“158 -163 “165 =-167 =169 =173 -178 

“2106 | “2009 “2009 2909 “2009 “2009 “S009 “2008 —20,8 
=-160 =-163 “165 =169 =-173 =176 

=160 =163 =165 =167 “169 “173 

=-160 “165 =-169 “173 <178 
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